It seems difficult to understand how any one having the opportunity of examining the daily photographic records of a magnetic observatory, and viewing them with an intelli gent eye, can fail to discern in the magnetic disturbances the systematic operation of laws depending upon the solar hours; and to perceive that these laws are different from those which govern the regular solar-diurnal variation (upon which the disturbances, whensoever occurring, are superposed).
' ' te ti si fe fe fc 6c 6c 6c 6c 6c ^ ^ 6 6 h 6 h 6 = 6= 1 6c 6c 6 6 6^h a a i^ g o us co co K eep P 9 9 ? 9 P P « M ? H ' H -^ a a' a a a" a a a' a* a' a" 6= a' a" a" 6 = a' a' a*-a a' a 6c a* a a a a' . a' a* a" The process here referred to consists, as is well known, in separating from the whole body of observations employed, all, without exception and whensoever occurring, which differ from their respective normals of the same month and hour by a certain value, constant for the same element at the same station-the amount of this arbitrary standard, or minimum value of a disturbance, being regulated by one condition only, viz. that it shall not be so small as to endanger the inclusion amongst the separated observa tions of any in which the cause of the irregularity may with probability be ascribed to any other source than that of the class of phenomena whose laws we desire to study. In the case of the hourly positions tabulated from the Kew Photograms from January 1858 to December 1862, 0T5 inch of the photographic scale, or 3*3 minutes of arc measured from the normal of the same month and hour after the omission of the disturbed observations, has been taken as the standard or minimum value of a disturb ance. There are altogether in the photograms of the five years at Kew the effective records of 43,456 hourly positions; the number of failures in the photographic regis tration from all causes being only 368. Of these 43,456 recorded positions, 5941, being about 1 in 7 of the whole body, differed by an amount equalling or exceeding 3'*3 from their respective normals. The aggregate value of the differences of the disturbed posi tions, measured from the normals, was 36,580-8 minutes of arc, of which 19,748'*7 were easterly, and 16,832'T were westerly deflections. Table II . exhibits the aggregate values of the disturbances distributed into easterly and westerly deflections, and into the several hours of their occurrence. The easterly deflections derived from the ninety-five days are in column 2, and those derived from the 5941 disturbed positions (i. e. from all disturbances equalling or exceeding 3'*3) in column 3; the westerly deflections derived from the ninety-five days occupy column 4, and those obtained from the 5941 disturbed positions column 5. The Hatios which the aggregate values of easterly and westerly deflection at the different hours bear to their respective mean hourly values are shown in the same Table (II.) , the easterly in columns 6 and 7; the westerly in columns 8 and 9. By comparing the values in columns 6 and 7 with each other, it will be seen that the Ratios of the easterly deflections exhibit approximately the same law, whether obtained from the ninety-five days, or from all disturbances equalling or exceeding 3;*3; and by comparing the ratios in columns 8 and 9, it will be seen, in like manner, that there is a similar general accordance in the ratios of the westerly deflections, whether obtained from the ninety-five days, or from the more extensive induction: the laws, when examined by the ratios, are seen to be approximately the same when derived by either process, although the aggregate values are very dissimilar-being more than three times as great when the method of inves tigation is such as to comprehend all disturbances equalling or exceeding 3**3, as when it is limited to the disturbances in ninety-five days of principal note. For the convenience of those who prefer graphical to tabular representation, the diurnal course of the easterly deflections, corresponding to the Ratios in columns 6 and 7 of Table II Hence it follows that by taking only the'most notable days of disturbance in five years (averaging nineteen in each year), we may gain an approximately correct view of the character of the disturbance-diurnal variation; but if we desire not only to learn its character, but also to eliminate its i n f l u e n c e , in compliance with the pr of " eliminating the casual and transitory changes as a first and essential step towards a correct knowledge of the more regular periodical variations," then we see that the mere omission o f those ninety-five days is altogether inadeguate fo r the desired , as it would scarcely eliminate a third part of the systematically disturbing element, shown to admit of elimination by a more suitable process. § 3. Disturbance-diurnal Variation. Table III . exhibits the excess of easterly over westerly, or of westerly over easterly deflection at twenty-four equidistant epochs of the solar day, derived, in column 2, from the disturbances in the ninety-five days, and in column 3, from all disturbances equal ling or exceeding 3'*3 from their respective normals. These columns consequently show the disturbance-diurnal variation corresponding to the more complete, and to the less complete, process of elimination. The character of the progression is seen to be sub stantially the same in both cases, but the amou/nt of disturbance is between three and four times as great in column 3 as in column 2. figure 3 represents the mean or normal position of the magnet at the several hours, after the omission of the disturbances. It is figured for convenience as a straight line, though in reality it is itself a curve following the progression of the solardiurnal variation. The lengths of the ordinates which are above the normal line indi cate the excess of the easterly over the westerly deflections at the hours when the easterly preponderate, and those which are below the normal line the excess of the westerly over the easterly at the hours when the westerly deflections predominate.
The easterly portion of the disturbance-diurnal variation is seen to be continuous for about ten hours, or from about 6 p .m. to 4 a.m. The westerly portion is also continuous, extending over the remaining fourteen hours, or from about 4 a.m. to 6 p .m. The easterly has a single maximum occurring about midway between its commencement and its termination. The westerly is more complex, having two maxima separated by an interval of about 8 or 9 hours. But whilst the westerly excess extends over more hours than the easterly, the areas of the two portions have nearly the same dimensions; or, in other words, the sums of the hourly deflections in opposite directions are at Kew nearly equal, and any small difference between them is not a persistent one, the easterly exceeding in some years and in others the westerly. The equality or otherwise of the sum of the deflections in opposite directions is apparently a point of some theoretical significance, as will be further noticed when the analogous phenomena in other localities come to be discussed.
As we find the same general forms of the two portions of the disturbance-diurnal variation, which have been thus derived from the Kew photograms, reproduced in other localities in the separated portions of the easterly and westerly deflections (with only such slight variations as may well be supposed to be due to accidental or subordinate causes), it may be desirable to examine somewhat more closely what may be viewed as the characteristic differences of the deflections in the two directions. The easterly deflection is represented, as we have already seen, in Plate XIII. fig. 1 : it is distinguished by its approximately conical form and single maximum, and by the small and nearly equable amount of variation during the ten or eleven hours when the ratios are least* Its general form thus bears a striking resemblance to the diurnal curve of the solardiurnal variation (as obtained after the careful separation and omission of the casual and transitory changes); but the two phenomena differ from each other in the important circumstance, that in the solar-diurnal variation the solar hours corresponding to its different features are the same in all meridians in the extra-tropical parts of the same hemisphere, whilst in the portion of the disturbance-diurnal variation which is now under notice, the solar hours corresponding to its different features , apparently without limit, in different meridians. This is a distinction which may well be supposed m d c c c lx iii.
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to indicate a difference in the mode of causation, althou inference that the sun may not be the originating cause in both cases.
The westerly deflections at Kew, represented in Plate X III. fig. 2 , have a decided double maximum, with an intervening interval of about eight or nine hours. The analogous form in other localities has the double maximum sometimes more and some times less decidedly marked. The interval intervening between the maxima is usually of about the same duration at stations in the northern hemisphere; at some stations in the southern hemisphere it is apparently somewhat longer.
The conical form and single maximum which characterize the easterly deflections at Kew belong also to the easterly deflections in all localities in North America where the laws of the disturbances have been investigated. But when we view the phenomena at Nertschinsk and Pekin, which are the only two localities in Northern Asia for which the investigation has yet been made, we find, on the contrary, that the conical form and single maximum characterize the westerly deflections, whilst the easterly have the double maximum. Further, we find that at the two Asiatic stations the aggregate values of the westerly deflections decidedly predominate, whilst in America the easterly deflections are no less decidedly predominant; and at Kew, which we may regard as an interme diate locality, the amount of deflection in the two directions may be said to be balanced, there being in some years a slight preponderance of westerly, and in other years of easterly deflection.
There is another circumstance which seems to connect, in what may prove even a more instructive relation, the westerly deflections in Northern Asia with the easterly in other parts of the northern hemisphere. I refer here to an approximate accordance in absolute time which appears in the most marked features of the diurnal curve at the widely separated localities of Pekin, Nertschinsk, Kew, and Toronto, at each and all of which the curves as they are presented in Plate X III. figs. 1, 4, 5, and 6 are the mean result of several'years of hourly observation*. These localities appear to be particularly well suited for a comparison of this nature, being not very dissimilar in geographical latitude, whilst they include a difference in longitude of no less than 195°. I f we select the epoch of the maximum deflection (or the apex of the curve) as the most marked feature, the comparison would stand nearly as follows; commencing with the most easterly, and proceeding in succession from east to w est:- It must be remembered that the time of the occurrence of the apex (or maximum of deflection) scarcely admits of very 'precise determination; and further, that assuming for the disturbing impulse a common origin at any other point of the terrestrial surface than at the geographical pole, and an equable but appreciable velocity of propagation, the difference of the geographical meridians would not be the sole consideration in deducing the absolute epoch from the local hours at different stations.
Could we thus identify the westerly deflections in Asia with the easterly in Europe and America, we should have a confirmation on a very extended scale of M. Gauss's con clusion derived from the comparison of synchronous disturbances at stations remote from each other, viz. that " the synchronous disturbances of the same element not only differ widely in amount, but occasionally appear to be even reversed in direction."
It may be that this may prove the first step in the inductive inquiry which may lead eventually to a complete understanding of the systematic distinction which we find in comparing the solar-diurnal with the disturbance-diurnal variations,--by referring the first to causes which, within the sphere of their operation, produce the same phenomena at the same solar hours; and the second to effects originating (as far as the terrestrial sur face is concerned) in special localities from whence they are propagated, and admitting of classification by means of the absolute hours to which they approximately correspond. For a conclusion of such moment, however, much preliminary investigation is still required, for which materials either do not yet exist, or have not yet been submitted to the necessary processes of examination. It seems especially important that the laws of the disturbances, and of their respective easterly and westerly deflections, should be known at a station or stations intermediate between Nertschinsk and Kew.
The propriety of making the easterly and the westerly deflections the subjects of distinct investigation will be still more apparent by reverting to Plate X III. fig. 3 , and remembering that the areas containing respectively the ordinates above and below the normal line are subject at different stations to horizontal displacements, each indepen dent of the other; and thus that at some stations the opposite deflections may have a tendency to mask each other's influence in the resultant mean deflection e. in the excess of easterly over westerly, or of westerly over easterly deflection). It happens at Kew that the large disturbances in opposite directions take place at opposite hours of the twenty-four, and that they thus record themselves in great measure independently of each other; but experience has already shown that there are stations where large disturbances show themselves in both directions, on different days, at the same hours; and such deflections would of course tend to neutralize each other in the resultant mean, thus masking the operation of the general causes whose laws we desire to learn. This inconvenience is in great measure remedied by the method of analysis which has been adopted, whereby the deflections are exhibited separately as well as in their com bination.
. The diurnal inequality (which is by no means identical with the solar-diurnal variation as has been sometimes assumed) has in fact two principal constituents, viz. the solardiurnal variation itself, and the disturbance-diurnal variation. It is obtained for each month by taking the differences between the mean positions of the magnet at each of the twenty-four hours and the mean position in the month (the latter being the mean of all the days and all the hours in the month). It is the first step in the process of obtaining in a separate form the several periodical variations from the combination in which they appear in the photographic records, and includes all the positions tabulated from the records, without the exception of any. Table IV. (page 284) exhibits the diurnal inequality in each month, on the average of the five years, from January 1858 to December 1862 inclusive.
The solar-diurnal variation, shown in Table V . (page 284), is obtained by a similar process from the hourly positions in the same period, exclusive of those which differed 3'-3 or more from their respective normals of the same month and hour-the normals being the hourly means in each month after the exclusion of all the disturbed positions. By this process the effects of the " casual and transitory changes" become in a very great degree " eliminated; " and we obtain a measure of the solar-diurnal variation which is only very slightly affected by the small portion of the disturbance-diurnal variation which remains after the separation and omission of the disturbances equalling or exceeding 3'*3 from their respective normals.
Plate XIV. exhibits the solar-diurnal variation at Kew ( fig. 2 ), in comparison with the same at Toronto ( fig. 1), Nertschinsk (fig. 3), Pekin (fig. 4) fig. 7 (Hobarton, where the dip is more than 70°, and the total force 136 in British units), we see the reversal completed, and the full development of the characteristic features appertaining to the southern hemisphere.
It is seen in the Plate that at the stations in the northern hemisphere , the north end of the, magnet passes rapidly from its extreme eastern limit (about 8 a.m., or nearer 9 a.m. at Pekin) to its extreme western lim it (about 1 p .m., or rather later at Pekin), the motion being more rapid between 10 and 11 a.m. than at any other hour of the twenty-four; and that during the remaining nineteen hours the north end returns to its eastern limit by a progression tolerably rapid from about 2 to 7 p .m., scarcely sensible from 7 p .m. to 3 or 4 a.m., and again more rapid until 8 a.m. The turning hours 286 MAJOE-GENEEAL SABINE ON THE EESTJLTS OE THE are approximately the same at the four stations, having apparently no relation whatsoever to the varied circumstances of sea or land in the vicinity. Taking Hobarton as the best representative which we possess of the southern hemisphere, we see in the Plate the analogy of its phenomena to those of the northern stations. W e have the same rapid movement from one extreme to the other, occupying the same portion of time, viz. five hours, and the return occupying the remaining nineteen hours; but the directions of the two movements are inverted, the 6-hour movement being in the southern hemisphere from West to East, and the slower, or 19-hour return, being from East to West. The epochs are nearly but not quite the same, being apparently about an hour later in the southern hemisphere.
In the curve of the Cape of Good Hope ( fig. 6 ) we have the same general features as at Hobarton, but with a more flattened curve, indicating a nearer proximity to the equa torial region.
If, now, we permit ourselves to depart from the general custom of expressing the variations of the Declination in the northern as well as in the southern hemisphere by the directions of the north end of the magnet, and to speak of the solar-diurnal varia tion in the southern portion of the magnetic sphere as a movement of the south end of the magnet (using the same phraseology as before for the northern hemisphere), we appear to gain a greater simplicity in describing the general characteristics of the phenomena in the two hemispheres. In such case the Hobarton curve is reversed,-the westerly deflections of the north end becoming easterly deflections of the south end, and vice v e r s d . ,-the inflections of the curve of the annual solar-diurnal variation a Hobarton then appear altogether as the counterparts of those at Kew and Toronto (excepting in the one feature peculiar to the southern hemisphere, of the turning hours being about an hour later than in the northern hemisphere). This correspondence is shown in plate 1 of the first volume of the Hobarton Observations, published in 1850, and in fig. 7 of Plate X III. accompanying this paper. In like manner the annual curve at the Cape of Good Hope, when reversed, becomes the counterpart of those at Pekin and Nertschinsk; whilst at St. Helena, so near the dividing line between the hemi spheres, the annual solar-diurnal variation has almost entirely disappeared, the small remaining inflections, seen in Plate X IY . fig. 5 , being due, for the most part at least, to the semiannual inequality, which is the subject of the next section ( § 5). § 5. Semiannual Inequality o f the Solar-diurnal Variation.
The solar-diurnal variation exhibited in Table V . is seen by the semiannual means, April to September, and October to March, to be subject to a systematic difference in the two halves of the year, coinciding, or nearly so, with the sun's position on opposite sides of the equator. In Plate XY. fig. 1 , the curve corresponding to the mean solardiurnal variation at Toronto, from April to September, is represented by the black line, and the curve corresponding to October to March by the red line. The systematic character of this half-yearly variation is shown by the corresponding curves similarly represented by black and by red lines for Kew (fig. 2), Nertschinsk (fig. 3), Pekin  (fig. 4), St. Helena (fig. 5) , Cape of Good Hope (fig. 6), and Hobarton (fig. 7) . The scale is the same in all the figures. It will be seen that at all these stations the curve frpm April to September is on the upper or East side of the October to March curve, from about midnight, or a little later, to about 9 or 10 a.m. in the northern hemisphere, and about 10 or 11 a.m. in the southern hemisphere; and on the lower or W est side of the October to March curve during the remainder of the twenty-four hours. On successively considering the figures in Plates X IY . and X V ., we perceive that the annual curves progres sively lessen as the equatorial region is approached, reappearing in a reversed direction in the southern hemisphere, and gradually increasing in magnitude so as to have at Hobar ton, in the middle latitudes of the southern hemisphere, nearly the same magnitude as at Toronto and Kew in the northern hemisphere; but that through all these changes both of magnitude and direction in the annual curves, the semiannual variation (or the differ ence between the two semiannual curves in each case) remains persistent throughout; the same in direction at the same hours, and the amount approximately the same in all parts of the globe. Thus in the equatorial region, where the annual inflection almost or entirely disappears, the semiannual portion still subsists, and presents in each of the half years, separately viewed, the phenomenon of a solar-diurnal variation. This is approximately exemplified at St. Helena, which, however, is a little on the southern side of the magnetically dividing line between the hemispheres. As the southern mag netic latitude increases, the annual solar-diurnal variation, as shown in Plate X IV ., progresively increases in magnitude, but in a reversed direction from those of the analogous phenomena in the north, as has already been noticed. Thus it will be seen that the two portions, viz. the annual and the semiannual, both of which we recognize to be due to the sun's action, inasmuch as they follow the order of the solar hours, evince apparently a dissimilarity in the mode of operation of the producing cause; in the one class of effects, viz. in the annual, the north end of the magnet is deflected in opposite directions in the two hemispheres, the deflection disappearing altogether at the magnetic equator; whilst in the other class, viz. the semiannual difference, no such inversion takes place, and the deflections are approximately the same in amount and direction in the equa torial as in all other parts of the terrestrial surface*. e. 5*4 W. 6-6 E. 5*4 e. 6*6 e. 9*0 e. 4*0 5 6 E. 12*0 E. 1*2 E. 3*0 e. 14*4 e. 14*4 e. 9*0 6 7 e. 9*0 E. 4*2 e. 9*6 e. 16*2 E. 17*4 E. 11*3 7 8 e. 9*6 E. 8*4 e. 7*8 e. 6*6 e. 14*4 e. 9*6 8 9 e. 7*2 E. 6-6 w. 0*9 w. 1*2 E. 12*0 E. 4*7 9 10 . E. 3*0 E. 7*2 w. 1-8 w. 6*6 w. 2*4 w. 0*1 10 11 w. 3*6 W. 1*2 w. 4*2 w. 10*8 w. 7*8 w . W e see in this Table a form of diurnal variation systematically and essentially different from that of the solar-diurnal variation. This characteristic form, which is shown alike by each of the three magnetic elements in all parts of the globe for which the investigation has been made, consists in a double fluctuation taking place in every twenty-four hours, with two extreme deflections in each direction,-the zero-line, or line in which the moon's action produces no deflection, being passed through four times at nearly equal intervals of six lunar hours. A t K ew the extreme westerly deflections occur at 1 and 13 hours, and the* extreme easterly at 7 and 19 hours. The extremes at 7 and 13 hours appear to be somewhat larger than those at 1 and 19 hours (the two greater elongations being each 11"*3, and the lesser 9"* 8 and on the average of the five years). This difference may have an important theoretical bearing if confirmed by the results in future years, and in other parts of the globe.
In considering the lunar-diurnal variation of the three elements in different parts of the globe, the division of the lunar day into four alternate and nearly equal deflections in opposite directions appears, as already stated, to be a general feature; but the amount of deflection (speaking of the declination) appears to diminish as the equator is approached, reincreasing in the southern hemisphere, and attaining at Hobarton nearly the same value as at Kew. The hours of extreme deflection are not the same at all stations: the north end of the magnet has its extreme westerly deflections at Kew (in the northern hemisphere), and its extreme easterly deflections at Hobarton (in the southern hemisphere) at the same hours, and versd; there is a similar correspondence of hours in the opposite deflections of the same end of the magnet at Pekin in the northern, and at the Cape of Good Hope in the southern hemisphere; but the hours at Kew and Hobarton are different from those at Pekin and the Cape of Good H o p e: however, results at more stations must be obtained before we can draw any certain inferences as to the systematic character and theoretical bearing of such differences. There are six stations where the lunar-diurnal variation of the declination has been computed by myself, viz. Toronto, Kew, Pekin, St. Helena, the Cape of Good Hope, and Hobarton: the results at these stations are published in the second volume of the Magnetical and Meteorological Observations at St. Helena, pp. cxlvk cxlviii. It is obvious that if we apply a proportional part of this secular change to the several weekly values in the mean or typical year, we obtain fifty-two corrected values of the declination, each of which, if there were no other systematic variation than that of the secular change, should agree with 21° 39' 18"T; or should show only such small and unsystematic differences as might reasonably be ascribed to casual errors. The character of the differences actually presented sufficed to show that something more was involved, not explicable by the small variation in the rate of secular change itself which appeared to be pointed out by the Table. Small, however, as was this last-named variation, it seemed proper that it should be taken into account before we should be prepared to take a final view of the results.
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Results o f the Maanetic Observations at the Kew
It is well known that a few years ago the secular change in London was a small annual increase of west declination, and that from causes yet but imperfectly understood, this increase first diminished and then ceased, giving place to a change in the opposite direc tion, at first slow, but becoming progressively more rapid; so that at present the rate of decrease is very nearly if not quite equal to the rate of increase which existed at the time first spoken of. Thus the secular change at Kew (which we may regard as the same as at London) appears to have been somewhat less in 1858 and 1859 than in 1861 and 1862, and therefore, inferentially, less in the earlier than in the later portions of each year; so that we may possibly obtain more exact values of the corrections to be applied for secular change in the different parts of the mean or typical year by substih i 3 9 // tuting for a mean value of =8"*83, weekly corrections commencing with 8"*5 and progressively increasing to 9,,*1. These corrections are shown in column 8, and pro duce the corrected values in column 9. The differences of the values in column 9, from 21° 39' 18"*1, have been placed in column 10, to which I desire to direct attention. The mere aspect of the + and -signs in this column appears to point to a semiannual inequality coinciding very nearly with the sun's position in respect to the equator. I f we arrange the differences in two categories, one including the twenty-six weeks from March 26 to September 23, and the other the twenty-six weeks from September 24 to March 25 (which is the division of weeks most nearly according with the equinoxes), the almost constant prevalence of the -sign in the first* and of the -f-sign in the second category, indicates with a very high degree of probability an armual variation, whereby the north end of the magnet points more towards the east when the sun is north, and towards the west when the sun is south of the equator; and we obtain in the first 2 r 2 W e may compare with Table V II., and the conclusions derived from it, a corre sponding Table (V III. The aspect of the + and -signs in column 10 appears conclusive in respect to the existence at Hobarton of a semiannual inequality analogous to that which has been shown to exist at Kew. The direction of the inequality in the two semiannual periods is also the same in the two hemispheres, the north end of the magnet pointing more towards the east both at Kew and at Hobarton when the sun is north of the equator and to the west when the sun is south of the equator. I f we regard the equinoxes as the approximate epochs of the semiannual change, we find in the weeks from April to September an average increase of east declination of 19"*1, and in the weeks from October to March an average decrease of east declination of 19M *0, making together an annual variation of 38"*1. Annual 1 means J 9 53 12*4 9 54 40-0 9 56 42*2 9 57 49 5 9 58 45*3 9 56 13-9 Secular 1 change J 1' 27"-6 2' 02"*2 1' 07"-2 O' 55"-8
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In volume II. of the Magnetic Observations at St. Helena, p. v, an examination is made of the monthly values of the declination obtained from eight years of observation, corrected for secular change, and collected in a Table. These also indicate the exist ence of a semiannual inequality having epochs coincident, or nearly so, with the equi noxes-the north end of the magnet pointing, as at Kew and Hobarton, more to the east in the months from April to September, and to the west from October to March. The amount of the inequality is less than at Kew or Hobarton, " the semiannual difference being about 14 seconds of arc."
The first volume of the Magnetical Observations at the Cape of Good Hope, published in 1851, contains the fortnightly means of the hourly observations of the declination from July 1842 to July 1846; these are corrected for secular change in Table III In this communication I endeavoured to show the importance of introducing into such determinations greater accuracy than had previously been customary; and by making known the success which had attended the improvements adopted in the instruments and methods employed in the Colonial Magnetic Observatories, I hoped to be the means of promoting the adoption of similar instruments and processes (or the devisal and 2 9 6 MA JOR-GENERAL SABINE ON THE RESULTS OE THE employment of others which might serve the purpose as well, or still more effectually) in other observatories which had been instituted for the purpose of cooperating with or aiding in the plan of magnetic research proposed by the Royal Society.
Amongst the results referred to in that paper, obtained by means of the instruments and processes therein described, there was one which appeared to myself to be highly deserving the confirmation (or otherwise) which it might receive from similar researches. By a comparison of the monthly determinations of the Dip and of the Horizontal Force at Toronto and Hobarton, between the years 1843 and 1848, there was shown a high pro bability of the existence of an " annual variation" in the direction and intensity of the magnetic force, common to both hemispheres, the mean values being passed through about the equinoxes, and the intensity of the force being greater, and the inclination more nearly vertical, in the months when the sun is south of the equator than in the months in which the sun is north of the equator. The facts thus made known appeared to indicate the existence of a general affection of the globe having an annual period, and conducting us naturally to the position of the earth in its orbit as the first consideration towards an explanation of the periodic change. The importance of following up with out delay, and in the most effective manner, a branch of research which gave so fair a promise of establishing a conclusion of so much theoretical moment upon the basis of competent experiment was earnestly pointed out, and specially so with reference to those national observatories in which magnetical researches were professed objects, and from which exact determinations might most reasonably be expected.
In 1856 
MAJOR-GENERAL SABINE ON THE RESULTS OE THE
" The arc of vibration was always too small to require any correction; and none has been applied on account of the rate of the chronometer when the rate was less than five seconds, as was generally the case. The constant P was determined from twentyfour repetitions of experiments of deflection made nearly simultaneously at each of the two distances 1*0 and 1*3 feet, giving P = -*00192.
" Generally there have been three or four observations of deflection and two of vibration made in each month." The " Annual Yariation" or " Semiannual Inequality" (April to September, and October to March) may be shown from the monthly values in Table IX It is seen then by Table X . that there exists a variation in the amount of the hori zontal force having an annual period; that the value of this variation is on the average of the six years approximately '0026; and that it consists of a semiannual inequality, the horizontal force being on the average *0013 higher in the six months from April to September, and *0013 lower in the six months from October to March than would be due to its mean value. I pass to the contemporaneous determinations of the Dip. And from the October to March observations! (Table IX . ), also corresponding to July 1, 1860 / 3*80350 and from Table X In Tables X III. and X IV. are placed the residual errors of the observed monthly determinations of the Horizontal Force and of the Hip, after the application of the corrections for secular change and annual variation. The errors have no systematic appearance; and thus the Tables are thoroughly con firmatory of a semiannual inequality having its epochs coincident, or nearly so, with the sun's passage of the equator.
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The second volume of the Hobarton Magnetic Observations, published in 1852, con tains the particulars of the monthly determinations of the absolute values of the hori zontal force from January 1846 to December 1850 inclusive, all made with the same unifilar magnetometer, and preserving throughout the same experimental process. The mean value, corresponding to July 1,1848, is 4*50427. The secular change obtained by least squares from the sixty equations of condition is correctly stated in the publica tion referred to, as an annual diminution of 0*0006. Treating these results in the same manner that the Kew results have been treated in this paper, we obtain 4*5036 in the months from April to September, and 4*5048 in the months from October to March; or a diminution in the horizontal component of the force of 0*0007 in the months when the sun is north of the equator, and an increase of 0*0005 in the months when the sun is south of the equator; constituting a semiannual inequality of 0*0012. When the corrections for secular change and annual variation are applied, the probable error of a single monthly determination is found to be +0*00125; and the probable error of the mean result of the sixty months is less than 0*0002.
The first volume of the Hobarton Observations, published in 1850, contained the details of a series of monthly determinations of the Inclination, commencing in January 1841 and ending in December 1847. The second volume, published in 1852, contained a similarly detailed account of the continuation of the series to December 1850; com prising, with the observations stated in the preceding volume, an uninterrupted series of monthly determinations during ten years. The mean secular change derived from sixtyeight monthly results obtained with the same circle and needle throughout, was found to be a decrease of O'*067 in each year-an amount so small as to be practically insigni ficant in the consideration of the questions at present under notice. The mean value of the Inclination in the ten years, taking all the months into account, was -70° 36'*01; the mean of the months from April to September inclusive was -70° 35'*42, and from October to March inclusive -70° 36'*6. The difference between these half-yearly values is l'T8, the (south) dip being O'*59 less in the months from April to September, and Q'*59 greater in the months from October to March, than on the mean of the whole year.
W e have therefore for the values of the total force at Hobarton in the two semi annual periods, 4*5048 sec. 70° 36,*6=13*5688 (in British units) from October to March, and 4*5036 sec. 70° 35'*42=13*5520 from April to September. The difference, viz. 0*0168, expresses the greater intensity of the terrestrial magnetic force in the semiannual period from October to March than in the semiannual period from April to September. This value may undergo a slight alteration, when the results of the continuation of the series of monthly determinations of the horizontal force and of the inclination until the final close of the Hobarton Observatory are added to those already stated; but it will be substantially the same. The later results will be published in the fourth Hobarton volume, now preparing for the press. In the second and third volumes of the Toronto Observations are published the details of the monthly determinations of the Horizontal Force and of the Dip during eight years, viz. 1845 to 1852 inclusive. From these we may form the following Tables,  similar to Tables IX. and X The two half-yearly results are intercomparable, requiring no correction for secular change, as they have both the same mean epoch, viz. January 1, 1849.
